To determine whether skeletal muscle energetics, measured by in vivo 31 P-nuclear magnetic resonance spectroscopy during plantar flexion exercise, differ between multiethnic, prepubertal girls with or without a predisposition to obesity. DESIGN: Cross-sectional study. SUBJECTS: Girls (mean age and body fat AE s.d. ¼ 8.6 AE 0.3 y and 22.6 AE 4.2%) were recruited according to parental leanness or obesity defined as follows: LN (n ¼ 22), two lean parents, LNOB (n ¼ 18), one lean and one obese parent; and OB (n ¼ 15), two obese parents. MEASUREMENTS: A 3 min, rest -exercise -recovery plantar flexion protocol was completed. Work was calculated from the force data. Spectra were analyzed for inorganic intracellular phosphate (P i ), phosphocreatine (PCr), P i =PCr (ratio of the low and high energy phosphates indicating the bioenergetic state of the cell), intracellular pH, and adenosine triphosphate (ATP). Magnetic resonance imaging was used to determine calf muscle volume. RESULTS: BMI was lower in the girls in the LN group (15.9 AE 1.5 kg=m 2 ) compared to the OB group (16.7 AE 1.3 kg=m 2 ) of girls (P < 0.05), with no difference with the LNOB group (16.7 AE 1.9 kg=m 2 ). Adjusted for muscle volume and cumulative work, no differences in P i , PCr, P i =PCr, pH, or ATP were observed among the LN, LNOB and OB groups at rest, the end of exercise, and after 60 and 300 s of recovery. From rest to the end of exercise, P i and P i =PCr (mean AE s.d.: 0.2 AE 0.1 vs 1.5 AE 1.0) increased, whereas PCr and pH (7.04 AE 0.06 vs 6.95 AE 0.10) decreased (all P < 0.001). By 60 s of recovery, P i and P i =PCr decreased, whereas PCr and pH increased (all P < 0.001). CONCLUSIONS: Skeletal muscle energetics, specifically P i =PCr and pH measured during plantar flexion exercise, do not differ between prepubertal girls with or without a familial predisposition to obesity.
Introduction
Muscle function is dependent, in part, on the capacity of myocyte mitochondria to synthesize ATP from the electron transport chain. At rest, energy stores are easily maintained, while during exercise energy stores must be replenished at an increased rate. One particularly promising method to measure muscle metabolism at rest and during exercise is 31 P nuclear magnetic resonance spectroscopy (NMR). 31 P-NMR is used to monitor in vivo cell metabolism, and is nonradioactive, noninvasive, and therefore ideal for use in children. 1 It detects all phosphorylated compounds (P i , PCr and ATP) present in > 5 mM concentrations depending on the strength of the magnetic field. With muscular contraction, the following reactions occur: ATP?ADP þ P i , and ADP þ PCr?ATP þ Cr. The ratio of P i =PCr (low to high energy phosphates) is used as an overall index of the bio-energetic state of the cell.
1 P i , PCr and the P i =PCr ratio has been reviewed in detail in regard to submaximal and maximal exercise and fatigue. 1 Many previous studies 2 -11 have used 31 P-NMR to examine skeletal muscle energetics during different types of exercise (eg, aerobic and anaerobic) and in different adult populations (eg normal healthy adults, athletes, or patients with heart failure, hyperthyroidism, chronic respiratory impairment, malignant hyperthermia and malnutrition). Fewer studies using exercise protocols with 31 P-NMR have been completed in children and adolescents who are healthy, 12 -14 or diagnosed with migraines 15 or alternating hemiplegia, 16 although sample sizes in prepubertal children have been small (n ¼ 1; 16 n ¼ 2; 15 n ¼ 10
14
). Children and adolescents have been reported to have a higher pH at the end of exercise 12 -14 and less glycolytic ability 12, 14 than adults. None of these studies has focused on prepubertal children in relation to susceptibility to obesity.
Obesity is a result of an imbalance between energy intake and output. The etiology of obesity is complex, as there are environmental and genetic influences. At least 40% of the variability in fatness has been related to the variation in muscle fiber type in adults. 17 Obesity in the Pima Indians was associated with the proportion of glycolytic type 2b fibers. 18, 19 Both of these studies support the hypothesis that muscle fiber type is an etiological factor for obesity. An increase in these glycolytic type 2b fibers was found to occur over the lifespan, suggesting a gene -environment interaction on fiber type composition in human skeletal muscle. 20 In addition, differences in muscle biochemistry account for part of the inter-individual variability in muscle oxygen uptake and whole-body energy metabolism, 21 suggesting that skeletal muscle energetics may contribute to the variability of metabolic rate observed in people. Children inherit their muscle fiber typing from their parents. Children with obese parents and therefore a genetic predisposition to obesity may have different skeletal muscle characteristics than children without any genetic predisposition to obesity in their family.
Exercise induces an increase in energy expenditure above resting that is dependent on the intensity and duration of the exercise. This increase occurs during the exercise itself and also after the exercise (termed the EPOC, excess postexercise oxygen consumption). Exercise energy expenditure can be highly variable, with greater expenditures with longer duration exercise. Exercise has been shown to elevate energy expenditure for up to 2 h, 22 3 h 23 and 4 h 24 after the exercise. An elevated resting metabolic rate up to 24 h after an acute, high intensity exercise session has also been reported. 22, 25, 26 Because a negative energy balance induced by the increase in resting metabolic rate, exercise energy expenditure and postexercise energy expenditure could alter weight, exercise is an important factor in modifying energy balance.
Because of the noninvasive nature of 31 P-NMR, it can be used to examine muscle metabolism in children. We hypothesized that children predisposed to obesity by virtue of parental adiposity would have altered muscle oxidative capacity, specifically a lower P i =PCr and higher pH at the end of exercise, than children with lean parents. The purpose of this study was to determine whether skeletal muscle energetics, measured by in vivo 31 P-nuclear magnetic resonance spectroscopy during exercise, differ between multiethnic, prepubertal girls with or without a predisposition to obesity.
Methods

Subjects
Healthy, non-obese ( < 30% body fat) prepubertal girls (n ¼ 55) were recruited from the local Houston area to participate in the study. All children were in the age range 8 -9 y and included 33 Caucasian, 12 African-American and 10 Hispanic girls. The LN group (two lean parents) included 16 Caucasian, five African-American and one Hispanic girls; the LNOB group (one lean and one obese parent) included nine Caucasian, five African-American and four Hispanic girls; and the OB group (two obese parents) included eight Caucasian, two African-American, and five Hispanic girls. Individuals with cardiovascular disease, anemia, diabetes, significant renal or hepatic disease, hypothyroidism and musculoskeletal problems were excluded. All subjects (and their parents) provided written informed consent to participate in this study, which was approved by the Institutional Review Board for Human Subject Research for Baylor College of Medicine and Affiliated Hospitals.
Study protocol
Children were admitted to the Metabolic Research Unit (MRU) at the Children's Nutrition Research Center at 8 am after a 12 h overnight fast. Following admission procedures, the child underwent a VO 2 peak test, ate breakfast, and then completed the imaging and exercise protocol using magnetic resonance spectroscopy=imaging. VO 2 peak was measured by collecting expired gases with a metabolic measurement cart during a progressive exercise test on a treadmill, as previously described. 27 In brief, the children began at 2.5 mph at a 0% grade for 4 min, followed by an increase in grade by 2.5% every 2 min thereafter. The children were fed a balanced breakfast designed to approximate 55% carbohydrate, 30% fat and 15% protein.
Body composition
Body weight was measured to the nearest 0.1 kg using a digital balance (Scale-Tronix, Dallas, TX) and height was measured to the nearest 1 cm using a stadiometer (Holtain Ltd, Crymmych, Pembs, UK). Body mass index (BMI) was calculated as weight (kg)=height 2 (m). Body composition was then assessed by dual-energy X-ray absorptiometry (DXA, Hologic QDR 2000, Madison, WI, pencil beam mode, software 5.56). DXA allows for determination of total and regional lean tissue mass, fat tissue mass (FM), and bone mineral content. Fat-free mass (FFM) was defined as the sum of lean tissue mass and bone mineral content.
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Energy expenditure
Basal metabolic rate (BMR) was measured by 24 h whole room indirect calorimetry, and total energy expenditure (TEE) by doubly labeled water, as previously published by Treuth et al. 28 The data for these variables will be used for correlation analyses only.
31 P-NMR measurement NMR measurements were performed on the Bruker Biospec Imaging=Spectroscopy System (Bruker Instruments, Billerica, MA) equipped with a 2.4 T 40 cm horizontal bore superconducting magnet at the Frensley Center for Imaging Research, Department of Radiology, at Baylor College of Medicine. 31 P spectra were acquired at 40.5 MHz from the gastrocnemius and soleus. The coil was used to both transmit and receive. Prior to entering the magnet and with the child standing, the distance from the heel to the maximal circumference of the right calf was measured. The coil=leg support and ergometer were then fastened to the support beam at the appropriate spacing for the subject. The pedal distance was adjusted to place the maximal circumference of the calf directly over the coil. A pad was placed over the coil to prevent discomfort and to support the lower leg. The setup was then checked against the child before placing the apparatus in the magnet. The apparatus was then placed in the magnet so that the coil and subject's calf would be in the most homogeneous part of the magnetic field. The ergometer was supported in the magnet by a G10 fiberglass beam supported at both ends by aluminum posts that were rigidly bolted to the magnet's end plates. The custom-built probe was integrated into the leg support on which the calf rested. It consisted of a single 6 cm loop of copper foil which was double tuned for proton and phosphorous frequency. The leg support=probe holder was also rigidly clamped to the fiberglass support beam and the patient's calf rested on it. This insured that the probe was in close proximity to the gastrocnemius and stayed within the homogeneous region of the magnet.
Before beginning the exercise, a fully relaxed (baseline) 31 P spectrum was obtained. Each spectrum was the composite magnetic resonance signal of 8 pulse acquisitions. Using a 2 s interpulse delay, control spectra were collected over 15 s intervals (eight averages, 3 kHz sweep width, 2048 points, 60 ms RF pulse width, 10 W RF power). A single fully relaxed spectrum 29 was also obtained using an interpulse delay of 20 s (approximately 5 Â T 1 of PCr). Correction factors for partial saturation of resonance peaks due to T 1 effects from subsequent, rapidly acquired spectra were computed by taking the ratio of partially saturated and unsaturated peak integrals. Throughout the exercise, spectra were obtained at a rate of one acquisition every 2 s using the above parameters.
Exercise protocol
In order to exercise the subject's calf muscle within the magnet and quantitate work done, a custom-built ergometer fabricated out of non-magnetic parts was used, similar to a device reported by Quistorff et al. 30 The ergometer allowed exercise of the gastrocnemius=soleus muscle of the child while lying supine in the bore of the magnet. The subject placed the right foot of the leg against a movable pedal. A tie rod translated the force to a set of pneumatic cylinders (Festo Pneumatic DSNK-25-120-P-SA), which provided resistance. The piston rods were the only part of this apparatus that were slightly magnetic, but they were far enough away from the probe that field homogeneity was not affected. Water rather than air was used in this first cylinder. When the pedal was depressed, fluid flowed through the tubing to a second set of double-acting cylinders identical to the first; compressed air on the other side of the piston provided a variable source of resistance to the system. This side was connected through tubing to a 3 gallon stainless steel sample tank. Before exercise, this tank was charged to a pressure providing 40% of the maximal voluntary contraction (MVC) of resistance. The flow path between the pneumatic cylinders included a nonmagnetic pressure transducer (Omega Engineering Inc.) to measure force. A cut-off valve in the tubing following the pressure transducer allowed flow to be cut off so that isometric contractions could be performed.
Exercise was performed by doing plantar flexion. The pedal was hinged so that the pivot was along the axis of rotation of the ankle joint so that motion is limited as much as possible to pure plantar flexion and the gastrocnemius=soleus would be the primary muscle group exercised. The pedal bottom was adjusted with shims and the whole unit could be moved back and forth on the support beam to accommodate the size of the subject. A linear potentiometer was used to sense the pedal position. Pressure and displacement transducer outputs were digitized using an analog-todigital converter (Realtime Devices Inc.) board in a personal computer. Voltages were displaced in realtime on the computer screen using Atlantis for Windows (LakeShore Technologies Inc., Chicago, IL) and stored to disk for work computations.
Graphical representation of the force data was used to determine the max force obtained after the maximal voluntary contraction using Pegasus for Windows (version 1.05, Lakeshore Technologies Inc., Chicago, IL). Force was measured in kilograms, power in watts and cumulative work in joules. The start and stop times of the measurements were recorded, along with the initial and final settings of the force transducer.
The child's right leg was placed on the platform with the surface coil with the child supine on a table. Velcro straps above and below the knee were used to maintain position and to prevent contribution of the quadriceps muscle to the exercise movement. Velcro straps were also placed on the top of the foot and heel to maintain the calf in position. Thus, the child was not able to move the upper part of the leg as it Muscle energetics in girls MS Treuth et al was isolated. The child was instructed to extend the foot forward and then relax to practice the complete exercise movement. This was done several times with no pressure= resistance. The child was then asked to push maximally against the force plate in order to obtain the MVC. Three MVCs were made and each maximal effort lasted approximately 5 s in duration, separated by rest periods of approximately 10 s. Verbal encouragement was vital in attaining a maximal effort from the children. The data were immediately examined for the peak force, as outlined above. The resistance for the exercise was then set to approximately 40% of the peak MVC. A 5 -10 min rest period occurred prior to the start of the 31 P-NMR measurements. After the baseline spectra were obtained, the child began the exercise at the rate of one complete extension=flexion per 4 s for approximately 180 s. A timer with a flashing signal light (one flash every 2 s) was used to keep the child exercising in time at the desired rate. The child watched the light in order to complete a 2 s extension and a 2 s flexion constantly throughout the 3 min protocol. An investigator accompanied the child and verbally encouraged her to continue the exercise for the complete duration and to complete full extensions. Following the exercise, the child remained still in the magnet for the recovery spectra to be taken.
MRI measurement
MRI was used to determine the gastrocnemius and soleus muscle area. A phantom (1 Â 10 cm culture tube of water containing manganese with known relaxation properties) secured to the child's lower leg was used as an anatomical reference point. This was placed at the maximal circumference on the right calf. The right lower leg was placed into a home-built coil with extra padding added around the leg to maintain the leg in position. The images were obtained in a transverse plane perpendicular to the long axis of the leg. Axial images were taken every 6 mm from the ankle to the knee by using a multi-slice spin-echo acquisition in an unsynchronized mode (4 mm slice thickness, 20 ms echo time (TE), 800 ms repetition time (TR), 14 or 16 cm field of view (FOV), number of acquisitions (NA) ¼ 2, and 256 Â 256 resolution).
Image processing A Sun SPARC computer (Sun Microsystems, Mountain View, CA) and an image analysis package were used to analyze the images. Each image (n ¼ 25) was examined for thresholds of fat, muscle and noise. The muscle area (gastrocnemius and soleus) was manually drawn for each image. One investigator (MT) completed all image analyses to eliminate interobserver bias. The number of pixels was then displayed for the drawn region of interest using the set threshold values of 50% of the difference between muscle and fat and muscle and air. The area=pixel was calculated as: (field of view) 2 Ã 100=(256 Ã 256). The cross-sectional area (CSA) of each image (in mm 2 ) was calculated as the area= pixel Ã number of pixels. The slice-to-slice distance was 6 mm. In order to determine total muscle volume of the lower leg, the trapezoid rule was used. The volume (mm 3 
where X is the CSA for each image.
Spectra processing and data analysis 31 P spectra were obtained from raw data using Fourier transformation of the free induction decay (FID) into the frequency domain with 10 Hz line broadening to enhance signal-to-noise (NMR1 software, New Methods Research, Inc). The baseline was flattened by deconvolution and relative concentrations estimated by integrating over each peak using a custom software application. Peak assignments were referenced to that of PCr at 0 ppm.
NMR1, a spectral analysis software package (New Methods Research Inc.) was used to analyze the spectra on a SUN computer. There was a total of 31 spectra (one unsaturated, five baseline and 25 exercise). Baseline correction, line broadening set to 10, exponential multiplication and fast Fourier transformation were first done on the unsaturated spectrum. Zero-and first-order phase corrections were then determined and these phase shifts were recorded to set the phasing identical for the baseline and exercise spectra. The baseline and exercise spectra were processed using the same phase shifts recorded for the unsaturated spectrum. These batches of spectra were then processed using custom software to flatten the baseline and compute peak integrals and positions for each spectra in the series. These values were output in comma-delimited format ASCII files, that were then ported to a PC and loaded into Excel (Microsoft Excel for windows, version 7.0, Redmond, WA) for final analysis.
Dynamic changes in P i , PCr and ATP content within the gastrocnemius and soleus were assessed before, during and after exercise. The pH was determined from the frequency shift of P i relative to PCr. 31 Figure 1a and b provides examples of a rest and end-of-exercise spectra. The ratio of P i =PCr were determined from each spectrum as a relative measure of cytosolic phosphorylation potential. The beta peak was used to compute relative ATP concentration. The PCr=(PCr þ P i ) was also computed. P i , PCr and ATP are expressed as a percentage of total P.
Statistical analysis
Data are presented as means AE s.d. Microsoft Access for Windows 95 (Version 7.0) was used for database management. Statistical analyses were performed using Minitab for Windows (Version 12.2, State College, PA) with significance set at P < 0.05. To test if girls in the LNOB group differed according to maternal (n ¼ 10) or paternal (n ¼ 8) obesity status, t-tests were completed on all variables. No significant differences were observed for any of the variables; therefore, the girls were combined into one group (LNOB). Initially, w 2 Muscle energetics in girls MS Treuth et al analysis was completed to determine balance among the groups for ethnicity. All variables were then tested for effects of familial obesity (LN, LNOB and OB) and ethnicity (Caucasian, African-American and Hispanic) groups using analysis of variance. The model included the grouping factors for familial obesity and ethnicity, and the interaction between the two. For resting parameters, analysis of covariance was used with muscle volume as the covariate. For exercise and recovery parameters, both muscle volume and cumulative work were used as covariates. Multiple comparisons were done using the Tukey's method. Repeated measures ANOVA was used to evaluate the changes in the spectra variables over time (from rest to the end of exercise, the end of exercise to recovery at 60 s, and from recovery at 60 s to recovery at 300 s). The model included groups, ethnicity, and time using both linear and quadratic terms and with muscle volume and cumulative work as covariates. Pearson correlations were completed on the relationships between the exercise and 31 P-NMR data, and body composition, fitness, and energy expenditure.
Results
Subject characteristics
Fifty-five children completed the study. The body composition results (Table 1) showed a lower BMI in the girls in the LN group compared to the OB group of girls (P < 0.05).
Results from the DXA scan revealed a lower percentage fat in girls in the LN group compared to the LNOB and OB groups of girls, with a lower fat mass in the LN group vs the LNOB group of girls (all P < 0.05). Calf maximal area and muscle volume were similar among the LN, LNOB and OB groups of girls.
Force
Exercise duration (177 AE 36, 179 AE 15, 184 AE 13 s for the LN, LNOB and OB groups, respectively) was not significantly different among groups or when covaried for muscle volume and cumulative work. The force measurements are presented in Table 2 . No significant differences among the girls in the LN, LNOB and OB groups were observed for force, cumulative work, MVC, the initial setting as a percentage of MVC, and the cumulative work=muscle volume ratio. For the entire group of girls, there was a wide range in the MVC (12.5 -47.6 kg) and cumulative work (888 -7262 J).
MVC was positively correlated with the body composition measures, specifically with the maximal CSA of the muscle by MRI (r ¼ 0.43), weight (r ¼ 0.57), height (r ¼ 0.59), BMI (r ¼ 0.37), and FFM (r ¼ 0.61) and FM (r ¼ 0.37) by DXA (all P < 0.01 or P < 0.001). Likewise, cumulative work was also Muscle energetics in girls MS Treuth et al correlated with the body composition measures, with r values ranging from 0.37 to 0.64 (all P < 0.05). Cumulative work was most highly correlated with maximal CSA of the muscle (r ¼ 0.64) and FFM (r ¼ 0.56, both P < 0.001).
P-NMR
The values achieved with the rest, fatigue, and recovery protocol are illustrated for P i =PCr (Figure 2) , and pH ( Figure  3 ) for the girls in the LN, LNOB and OB groups. Adjusted for muscle volume, no differences in P i , PCr, P i =PCr, pH or ATP were observed among the LN, LNOB and OB groups at rest. Adjusted for muscle volume and cumulative work, P i , PCr, P i =PCr, pH and ATP were similar among groups at the end of exercise, and at 60 and 300 s of recovery.
The repeated measures ANOVA revealed that P i , PCr, P i =PCr and pH significantly changed over time (P < 0.01). For the entire group from rest to the end of exercise, increases in P i (8.9 AE 4.3 vs 28.4 AE 8.5% of total phosphorous) and P i =PCr (0.2 AE 0.1 vs 1.5 AE 1.0) were observed, whereas PCr (44.9 AE 3.8 vs 22.7 AE 7.9%) and pH (7.04 AE 0.06 vs 6.95 AE 0.10) decreased (all P < 0.001). At 60 s of recovery, P i and P i =PCr had decreased, whereas PCr and pH increased (all P < 0.001). From 60 s after exercise to 300 s after exercise, P i and P i =PCr significantly decreased further, whereas PCr and pH continued to increase towards resting levels (all P < 0.05). These changes across the rest, exercise and recovery periods are also significant (range P < 0.01 -0.001) for each of the groups separately. The changes in P i , PCr, P i =PCr and pH from rest to the end of exercise, and to recovery were similar among groups. A similar pattern among the groups, namely the rise in P i =PCr from rest to fatigue and then its fall during recovery, was observed (Figure 2) . A fall in pH from rest to the end of exercise (0.11, 0.10, 0.07 units in the LN, LNOB and OB groups), and a continual significant drop (0.06, 0.04, 0.07 units in the LN, LNOB and OB groups) from the end of exercise to 60 s of recovery was observed (Figure 3) . Subsequently, pH began to rise during the next recovery phase in the girls by approximately 0.12 units for each group. No differences in ATP were observed among the groups and in contrast to the other variables, ATP did not significantly change across time.
Correlations among energy expenditure and MRI, exercise=work and 31 P-NMR variables BMR (r ¼ 0.41, P < 0.01) was significantly related to the maximal CSA of the muscle. BMR, but not TEE, was related to power (r ¼ 0.55, P < 0.0001), force (r ¼ 0.58, P < 0.0001), cumulative work (r ¼ 0.49, P < 0.0001), and MVC (r ¼ 0.40, P < 0.01). After adjusting for FFM, these were no longer significant.
BMR was related to the ATP at 60 s of recovery (r ¼ 0.32, P ¼ 0.02) and the change in ATP from 60 to 300 s of recovery (r ¼ 7 0.38, P ¼ 0.01). TEE was related to the P i and P i =PCr at 60 s of recovery (r ¼ 0.28, 0.29, both P < 0.01). After adjusting for FFM, these were no longer significant.
Discussion
In this study, we sought to determine whether skeletal muscle energetics, measured by in vivo 31 P-nuclear magnetic resonance spectroscopy, differ between multiethnic, prepubertal girls with or without a predisposition to obesity. We found no differences in P i , PCr, P i =PCr, pH or ATP at rest, the end of exercise, and at 60 and 300 s of recovery (postexercise) among girls with or without a predisposition to obesity.
We observed significant increases in P i and decreases in PCr from rest to the end of exercise, conversely, we found decreases in P i and increases in PCr from fatigue to recovery at 60 s among the girls both with and without a predisposition to obesity. These are the expected directions of change Muscle energetics in girls MS Treuth et al with a rest -exercise -recovery protocol. For the entire sample of 55 girls, the P i =PCr at the end of exercise was 1.54 AE 0.96, which is higher than the mean P i =PCr of 0.54 AE 0.12 observed in 10 children after a high intensity protocol. 14 In that study using 31 P-NMR, the children achieved an end-exercise P i =PCr value that was 27% of adult values.
14 It was suggested that functional glycolytic capability might be less in children, such that the muscle energy requirements are not met by glycolysis and early muscle exhaustion results.
In our study, the normal resting pH of 7.04 (all 55 girls) decreased by approximately 0.12 units with the exercise, followed by a delayed recovery (Figure 3 ). This change in pH with our exercise protocol is similar to the 0.11 AE 0.05 unit drop in pH observed during a high-intensity exercise with 31 P-NMR in 10 prepubertal boys and girls.
14 ATP remained stable across the entire rest, exercise, and recovery phases. This stability in ATP, even when its turnover is changing dramatically, points to the precise regulation and fast regeneration of ATP in the muscles studied. Others have observed a similar finding in exercise of different intensities. 32 With submaximal steady-state exercise protocols, the rates of ATP synthesis and hydrolysis for muscle contraction are matched, resulting in a constant ATP level in the muscle. 33 This type of exercise protocol offers the advantage of better compliance, a greater specificity to oxidative ATP synthesis, and less influence of fatigue mechanisms, as seen with ischemic protocols. 33 Sapega et al 1 suggest that a significant component of physiologic muscular fatigue after moderate to heavy work is independent of ATP and pH.
Others have utilized the PCr=(PCr þ P i ) ratio 7, 34 to examine the rate of PCr resynthesis after exercise of varying intensity in trained and untrained subjects, and when comparing modes of exercise. The time constant at an endexercise PCr=(PCr þ P i ) of 0.5 or greater was found to be a stable index of muscle oxidative capacity. 7 A PCr=(PCr þ P i ) ratio equal to 0.1 would be considered severe metabolic stress and the inability to exercise further. 34 In our study, the PCr=(PCr þ P i ) as a group was 0.44 at the end of exercise. This would correspond to a moderate level of exercise in comparison to previous studies in adults. 7, 34 Our original aim was to conduct a protocol so that we would have good compliance from these young children. We set the exercise force level at approximately 40% of MVC, believing this was a moderate exercise level. Verbal encouragement was needed throughout the 3 min to keep the child exercising and it is unlikely that the children could have sustained a higher intensity exercise. We do not have rating of perceived exertion, but the children perceived the exercise as being very difficult. This would agree with a previous study where the children were no longer able to sustain muscular contraction when the oxidative rate had reached its maximum, whereas adults were able to continue. 14 Muscle biopsies have been taken to examine skeletal muscle energy metabolism in adults exercising at various intensities. In one study with the exercise set at a moderate intensity (65% VO 2 peak), PCr decreased by 24% at the submaximal exercise intensity level, and by 39% at fatigue. 35 Hargreaves et al 36 used intermittent exercise for 30 s and decreased PCr by 39%. Studies using maximal exercise depleted PCr by 58%, 37 63% 38 and 76%. 39 Our exercise in these girls reduced PCr by 49%. Thus, comparing these changes in PCr with exercise to those studies using muscle biopsy techniques, our level of exercise would be considered above moderate intensity, but not quite maximal.
Skeletal muscle fiber type has been related to obesity. 17 Approximately 45% of the total variance in the proportion of type I muscle fibers is associated with inherited factors. 40 We studied the lower calf, which consists of the gastrocnemius (slow-and fast-twitch fibers) and the soleus (predominantly slow-twitch fibers). To quantify the relative concentrations of P i and PCr for these muscles separately is difficult. A unique system of separating the effects of the two muscles demonstrated that the soleus sustains much smaller changes in the concentrations of P i and PCr during rest -exerciserecovery protocols. 32 These authors hypothesized that the different responses of the two muscle types to the exercise protocols may have been due to the different oxidation of fuels; the fast-twitch fibers of the gastrocnemius preferentially burn carbohydrate and the slow-twitch fibers of the soleus preferentially oxidize fat during exercise. 32 We have previously shown that 24 h substrate oxidation, measured by whole room respiration calorimetry, is similar among these same girls with and without a familial predisposition to obesity. 28 We do not know from our NMR data anything about specific fuel oxidation (fat or carbohydrate).
Fat-free mass, specifically muscle, is a determinant of energy expenditure. 41 Muscle contributes a higher percentage of energy expenditure during activity than at rest. Because of this, we thought that the NMR data obtained during the exercise protocol might relate to energy expenditure. Yet, there were very few significant relationships between the NMR data and energy expenditure. The positive relationships observed were between BMR and TEE with a few variables (ATP, P i , P i =PCr), only at 60 s of recovery. These significant correlations were not observed when adjusted for fat-free mass.
The correlations between fitness and muscle energetics has been explored. The PCr concentration has been found to be proportional to the rate of oxygen consumption and the rate of PCr recovery represents the maximal rate of oxygen consumption (VO 2 max).
3 VO 2 peak was negatively related to the pH at the end of exercise and at 60 s of recovery. This indicates that the children who are the most fit were able to decrease their pH to lower levels by the end of the exercise protocol, and also continued to drop their pH after the exercise (ie into 60 s of recovery). The girls were not in a formal exercise training program, but according to their reported activities, VO 2 peak, and physical activity level (PAL), we did have a wide range of physical activity levels and fitness. 27 VO 2 peak and physical activity (by several methods) was not significantly different among the groups. 27 Muscle energetics in girls MS Treuth et al Differences in percent body fat were observed between the girls with the lean parents (LN) vs girls with at least one obese parent (LNOB). These children were not obese by both BMI criteria and DXA criteria (for percentage body fat). To be included in the study, all children were < 30% fat, which meant that they were not yet obese. However, given the high degree of heritability for obesity, it is likely that some of these children will become obese. These girls will be followed over a 2 y period with measurements of body composition taken annually to determine whether any parameter of muscle metabolism was related to their weight and fat gain over time. The results of the longitudinal aspect of the study must be awaited before any judgment can be made about the potential role of muscle metabolism as a pathway through which parents transmit predisposition to obesity in their children. In conclusion, skeletal muscle metabolism, specifically P i =PCr and pH measured during and after exercise, do not differ between prepubertal girls with or without a familial predisposition to obesity.
